In this paper we explore six trends in the U.S. that may change how we use our transportation systems and resources: changing demographics; questions about the future of highway infrastructure and maintenance; greater interest in alternative means of transportation; growth of telecommunications technologies; movement toward "access to services" rather than "ownership of goods"; and renewed interest in urban living. We believe that shared, small, battery-powered electric cars can provide highquality, cost-effective mobility to replace trips made in conventional cars, offer a viable alternative for changing lifestyles resulting from these trends, and move our global transportation systems towards sustainability. Although this paper is primarily intended to stimulate discussion and suggest future avenues for research, we include descriptions and examples of shared-car systems using small electric cars that complement the six trends. While our current effort has focused on North America, we are beginning to extend our thinking internationally since a sustainable transportation system is a global necessity. Any two of the six trends could well cause an evolution in the U.S. transportation system, but all six combined certainly will. Similar trends can be found in other developed countries. Developing countries face even more severe transportation problems due to lack of resources to solve the problems.
college campuses, high density residential areas, convention centers, airports, and transit stations that subscribers use to make local trips, including going to work or home. Car-sharing vehicles are seldom used for commute trips. CarSharing Portland estimates that if a car is driven less than 8,000 miles per year that car sharing is less expensive than owning a car.
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The station car concept is being developed through a series of field tests sponsored by mobility providers, governmental organizations, and corporations. Car sharing, however, usually starts at the grass roots level with one or two vehicles and develops locally as a co-op. Recently, government sponsorship of car-sharing is becoming more common (e.g., Seattle and Edinburgh, see http://www.carsharing.net). And in Europe, car sharing has become so prevalent that profit-making corporations often run the services.
For environmental reasons, station cars generally are small electric vehicles, but other types of vehicles could and are being used depending on the situation. For example, one recent station car field test used cars fueled with compressed natural gas because no satisfactory electric cars were available. Conversely, with a few exceptions in Europe, car-sharing vehicles are gasoline fueled.
SIX EMERGING SOCIAL TRENDS
We believe that six emerging trends could converge and significantly impact how societal use of transportation evolves in the U.S. and, perhaps subsequently and similarly, worldwide. In general, these trends are concerned with changes in where people choose to live, trip patterns, more alternative transportation choices, lifestyle changes, and need to improve the environment. 1. Demographics: continued population growth overall; e.g., an aging population as baby boomers reach their 50's and 60's, a large younger population of baby boomlets, and an increasing Hispanic population and culture. 2. Questions about the future of the transportation infrastructure: highway system expansion (local and interstate) shows signs of reduced funding and due to government budget redirections and increased public pressure to fund mass transit instead.
Growing interest in alternative means of transportation (mass transit, alternative-fuel vehicles)
due to a awareness of the true costs (monetary, local/global environmental, and social) of owning, operating, and buying fuel, frustration with traffic congestion, and concern for impacts on the environment. 4. The exponential growth of the Internet and electronic communications, offering many choices about where to work, shop, and play. 5. Individual preferences moving toward access to goods and services instead of ownership. 6. Renewed interest in urban living: this movement has taken on several names including "new urbanism" and "smart growth." Some aspects of these trends are relatively easy to predict, such as the age distribution and size of the U.S. population. Others are a bit more difficult, such as whether a greater proportion of the population becoming retired will place new and growing demands on the U.S. transportation system. Even more difficult to predict are the impacts of the Internet on transportation demand or how the increasing awareness of the monetary, social, and environmental costs of conventional cars might increase the demand for alternative-fueled vehicles. However, we propose that these trends can generate considerable thought, discussion, and research in terms of how they interact, as shown in Figure 1 . Extending these trends globally increases the difficulty of prediction because we may lack data and detail in baseline projections. In this paper, we briefly review selected salient facts describing each trend and then describe (with an example) how SSBECs can fit into these trends and become part of the solution that supports sustainable transportation systems and societies.
DEMOGRAPHIC CHANGES
The United Nations expects the world population to stabilize in 2200 at about 11.6 billion. 9 In the U.S., 76 million of the current 276 million population are baby boomers (27.5%); 64 million (23%) belong to the "baby boomlet" generation. These two groups have very different attitudes and behaviors related to transportation, automobiles, housing preferences, and work styles. The baby boomers (born in 1946-1964) are headed into retirement years just as the baby boomlets (generally, born in 1970-1989 and primarily in California, Florida, and Texas, which together comprise 25% of the U.S. population) are headed for college and the workplace. What impacts can we expect to see on our transportation systems?
The 1995 Nationwide Personal Transportation Survey (NPTS) data show that U.S. drivers in the 60-69 age bracket drive 20% to 40% less than the average driver. 10 But between 1990 and 1995, these drivers increased their travel 38%-a far greater increase than any other age group. Their trip-making patterns are quite diverse since they make fewer routinized commutes, thus they could be good candidates for car sharing. As the population of the U.S. ages with a larger proportion of people in this bracket, the impact on transportation could be significant.
The baby boomlet generation is a far more diverse group than the boomers. They are disproportionately located geographically, are more likely to be Hispanic, and are moving into a variety of educational experiences and careers. Although it is a bit too soon to understand the impacts of this group on transportation systems, we propose that they may be more environmentally oriented, highly "connected" via communications technologies, and more interested in access than ownership.
The Hispanic population of the U.S. will nearly double in the next 25 years (from about 30 million to about 60 million). 11 The Hispanic Broadcasting Corporation says that "on average, they are younger, their households are larger in size and they routinely spend greater percentage of their income on many different kinds of goods and services than do non-Hispanic households."
12 Data from the NPTS 1995 survey indicated that "Hispanics, blacks, and other minorities are more likely than whites and non-Hispanics to live in households without vehicles, … make fewer trips, and drive few miles per day … ."
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Understanding a country's future demographic shifts and changes is essential in preparing for and introducing new technologies in the 21 st Century, regardless of how one argues what these changes will look like. Brazil's population, for example, in 2000 is very "young" (age 10-20 is the largest cohort), with this group being middle-aged as far off as 2020. In contrast, China can expect two large cohorts in 2020-early thirties and mid-fifties. Determining how SSBECs will fit into these different demographics should be an important focus of future research.
QUESTIONS ABOUT THE FUTURE OF TRANSPORTATION INFRASTRUCTURE
During the middle of the last decade there was a shift in the U.S. to more flexible use of federal transportation funds. As Figure 2 shows, that shift has disappeared with a refocusing on highway modes. A combination of reduced spending on highways and an increasing population should result in increased traffic congestion.
14 Increased congestion would result in longer times to accomplish the purpose of each trip, which could be the motivation to accomplish some trip purposes via the Internet and/or at destinations closer to home. It could be argued that managing congestion in the future may mean shifting the demand for trips to alternative methods of accomplishing trip goals either without making trips or with fewer, shorter, more productive trips. This would reduce the demand for multiple household vehicles and fit well with the SSBEC concept.
GROWING INTEREST IN ALTERNATIVE MEANS OF TRANSPORTATION
Although we are just now beginning to see signs of people wanting alternatives to traditional single-person occupancy vehicle commuting (in Florida, for example, the majority of voters in 2000 said they want a high-speed rail system connecting their five largest cities), the data are sparse. This is similarly true for documenting increasing instances of road rage, the magnitude of traffic congestion, and interest in alternative-fueled vehicles. We suspect that these mini-trends are primarily (at this time) focused on problems in sprawling urban areas. However, taken together, these issues should be monitored and measured by transportation and urban planners when considering new or expanded mass transit systems and incorporation of electric vehicle programs.
THE INTERNET AND ELECTRONIC COMMUNICATIONS
Historically, every improvement in telecommunications technology (e.g., the telegraph and the telephone) gave people additional information about destinations and more freedom to live where they wanted, resulting in ever-increasing travel. 15 Will the Internet have the opposite effect of reducing travel instead of increasing it?
The growth of Internet use (number of users and web sites) better than doubles every two years. That is true for both the U.S. and the world. Commercial web sites are increasing by a factor of ten every two years. 16 According to a recent ACNielsen poll, in the U.S. nearly two-thirds of the population over 11 years of age used the Internet in 1999 and half reported going on-line each day.
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Further, while 86% of the Internet users reported using e-mail, nearly half had purchased a product or service online. Although U.S. e-commerce accounted for less than one percent of retail sales in 1999, its use is growing exponentially and, at current rates, may account for a significant portion within the decade, regardless of the rate of failures in the dotcom arena.
There are not yet sufficient data to determine the impact of e-commerce on the number of shopping trips. 18 It appears that telecommuting and new home-based, Internet-dependent businesses are reducing the number of commute trips. 19 Although the scant data show that household daily vehicle miles of travel (vmt) are reduced when people work at home, they may be making more, but shorter daily trips. Based on limited surveys, Telework America estimated that the number of U.S. telecommuting workers (teleworkers) has grown from 4 million in 1990 to 15.7 million in 1998.
20 A 1998 Wirthlin Worldwide study reported that 31 million American households have home offices; 26 percent are used for home-based businesses, but only 9 percent for telecommuting. Estimates are that 2 million home-based businesses are formed each year. 21 Other uses of electronic media, such as eservices, distance learning, and virtual communities, could have the potential to reduce trip making.
An aging population may not be as willing to fight congestion, so electronic alternatives to shopping and other trip making options become attractive. A recent study showed that people in the 45 to 65 age bracket are the fastest growing group of Internet users.
22 These "users access the Internet more often, stay online for longer and visit more websites than younger users."
Forrester Research, a technology analysis firm, says 36% of Latino families had at least one member using the Internet in mid-1999, and projects that 43% will be connected in 2000. These figures include households whose members access the Internet at work, school, or the library. Forrester analyst Ekaterina Walsh said it is a myth that minorities are less likely to get on the Internet and that race has nothing to do with on-line adoption or buying a computer.
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Although some people argue that developing countries face many problems much more severe than whether access to the Internet is available to all, these countries also have the advantage of leapfrogging from no communications to wireless technologies, bypassing the need for installation of costly poles-and-wires infrastructures.
The implication of this trend is that if people drive less and their trip patterns change, they will no longer need a $25,000 car to drive 4,800 miles a year. Thus, fewer trips-especially fewer trips to bring back goods-bodes well for the SSBEC concept.
ACCESS VS. OWNERSHIP
The industrial revolution moved society from the household that made and did everything for itself (e.g., gardened, kept animals for food, cooked, baked, entertained themselves, cut hair, made clothes) to a market economy where household members have jobs in firms that require the selling and purchasing of property, the most important of which from the point of view for this paper, is the ownership of vehicles necessary to make the marketplace work.
In his book The Age of Access: The New Culture of Hypercapitalism Where All Life is a Paid-for Experience, 24 Jeremy Rifkin demonstrates how commerce is evolving from sellers and buyers to suppliers and users; how society-both individuals and corporations-wants access to goods and services rather than ownership. Rifkin explains we are now moving to a network-based instead of market-based economy, to an economy where possessions are not nearly as important as access. We begin to ask such realistic questions as:
• "Why own an answering machine when my telephone company can supply a more complex service at a nominal fee?" • "Why own a summer home when every year we can have use of a place in a different part of the world at less cost through a time-shared service?" • "Why own a van with capacity much larger than I need most of the time when, at less cost, I can have use of a van when I need it and use of an appropriate small car for running about town when I need to?" Examples of services replacing property and equipment ownership include buying into time-share condominiums, leasing vehicles, leasing office equipment and space, and outsourcing everything except the firm's core business. Other alternatives to ownership include disposable cameras and cell phones, accessing the Encyclopedia Britannica as an on-line service (an example of total "dematerialization" because it is available only on-line), and downloading music on-line. Mitsubishi provides an example of changes in automobile ownership: if you want a vehicle different than the one you are currently leasing, you can exchange vehicles at any time. Finally, of course, the Internet allows access to goods, services, jobs, education, entertainment, intellectual discussion, research libraries, and more, without needing a vehicle in which to travel.
RENEWED INTEREST IN URBAN LIVING
Issues that are becoming popular topics of discussion among planners, politicians, and academicians often include such terms as "new urbanism," "urban sprawl," "smart growth," "gentrification," "in-fill," and "brown fields." These discussions bring together the problems of traffic congestion, air pollution, lack of affordable housing, and rapid loss of open space-often proposing that an ideal solution would be to create livable cities, making use of existing infrastructure and revitalizing mixed use neighborhoods. 25 Indeed, considerable anecdotal observations in cities as diverse as San Francisco, Denver, Portland, and Pittsburgh seem to indicate that young professionals are flocking to renewed warehouse areas, restoring grand old Victorians, and creating urban start-up companies.
As an example, consider downtowns. Sohmer and Lang, using data collected from 25 cities concluded that "the growth rates in some downtowns are quite dramatic, primarily due to a small current population base."
26 Based on population projections provided by cities and based on developments under way, building permits, and anticipated real estate projects, the Center on Urban Metropolitan Policy determined that the downtown population growth for these 25 cities between 1998 and 2010 ranges from barely over zero (Los Angeles) to >300% (Houston), with the average about 75%. The survey also implies that downtowns "are home to an increasing number of young professionals, corporate executives, young married couples, and empty nesters, …. driving the conversion of central business districts in America's largest cities into 24-hour centers of commercial, cultural, entertainment, and residential life." 27 Fishman, speculating about the future for the 32 million Americans who will be 75 years or older in 2030, suggests that "if crime rates continue to decline in large cities, empty nesters might increasingly sell their suburban tract homes to move to urban apartments where a full range of services can be found within walking distance."
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Should the number of people who choose to live in downtown urban areas increase, however, they will necessarily need to address such realities as limited parking space and higher costs of owning their cars (for example, insurance is usually more expensive). SSBECs, used in car-sharing and station-car applications, could be a perfect solution for such residential (or mixed use) neighborhoods and positively contribute to a city's clean air efforts. As a whole, the movement to new urbanism, or whatever it is finally called, means denser living, more walking, cycling, and transit trips, and less demand for that always-ready-to-go, expensive, and/or difficult-to-park household car.
AN EXAMPLE OF SSBEC NICHE MARKET: THE SAN FRANCISCO PRESIDIO PROGRAM
An excellent example of how this type of new mobility system would work is the San Francisco Presidio program currently being planned, with implementation expected in 2001.
Over 200 years ago the Presidio was established as a military post by a Spanish expedition. The U.S. Army controlled the Presidio until 1994 when it was transferred to the National Park Service (NPS). In 1996, the U.S. Congress created the Presidio Trust to preserve and enhance the Presidio in partnership with the NPS and required that the Trust become financially self-sufficient by fiscal year 2013.
The Presidio is not quite a rectangle, averages 2.75 miles long and 1.75 miles wide, and is located about six miles north and west of the downtown San Francisco financial district. The longest one-way trip between a residential area and a commercial area in the Park is three miles.
The Presidio is an interesting place in which to work and live because, though in a denselypopulated city, it is almost rural in nature with significant green space (mainly forests) between the commercial and residential areas. The views are spectacular. The park includes beaches, a golf course, and many on-site recreational activities. It has more than 700 residential and commercial structures and 6 million square feet of floor space.
The Presidio has 1,119 residential units rented, undergoing renovation, or waiting renovation. The goal is to reach 1,600 housing units with at least one on-site employee in each.
The Trust is rehabilitating and has begun to rent about 3 million square feet (nearly 200 buildings) of office space. Employment is expected to reach 4,800. Tenants are involved in education, the arts, scientific research, environmental studies, healthcare, philanthropy, conflict resolution, international relations, biotechnology, multimedia, computer graphics, telecommunications, film production, Internet-based research and development, computer software, environmental science, and other high technology knowledge-based industries.
Q 4 Associates performed a market analysis for the use of small SSBECs by residents and employees in the Park. 29 If the mobility program were in place today, more than 150 SSBECs could be in use. In 10 years, that number could increase to better than 500.
The mobility service would provide for several types of trips. A program of car sharing would have three types of participants: (1) residents who live in the Park but are not employed there; (2) employees who work in the Park but do not reside there; and (3) resident-employee participants who live and work in the Park. All the cars will be charged overnight in the residential areas. The expected typical operation of the vehicles would be: 1. During weekdays, many of the cars will be driven in the morning by resident-employee participants to the commercial areas. 2. During the day, the cars will be used by employee and resident-employee participants for internal (to the Park) and external trips. 3. During the day, some cars will remain in the residential areas for the use of residents that remain in the residential areas during the days for internal and external trips. 4. Cars in the commercial areas will be driven by resident-employee participants to the residential areas each workday evening. 5. During the evenings and nights, the cars will be used by resident and resident-employee participants for internal and external trips. 6. On weekends, the cars will be used by the resident and resident-employee participants for internal and external trips. A station car program is planned for the nearest rapid transit station (about 4 miles). During the day, commuters to the Presidio will pick up a SSBEC at the station and drive to a commercial area in the Presidio where the car will become a car-sharing vehicle for use as described above in Point 2. At the end of the workday, the commuters will bring the same number of cars, not necessarily the same cars, back to the rapid transit station. In the evenings commuters arriving at the station and heading for home would take the cars. Many may not come back to the Presidio evenings and weekends.
A critical point to making this program work in the Presidio is that the service provider will be a major rental car company. When a participant has a need for a larger vehicle, a highway vehicle, or a specialty vehicle, the rental car company will make one readily available.
Another important point is that the Presidio Trust intends to reduce parking in the Park by 30 to 35%. SSBECs will help reach this goal.
CONCLUSIONS AND GLOBAL IMPLICATIONS
Why is this all so important globally? At the close of the 20th century, the world had three quarters of a billion cars, trucks, and buses powered by internal combustion engines. World population is expected go from a current 6 billion to 8.9 billion in 2050. If the number of vehicles increases as fast as the population, the world would be hosting over a billion cars, trucks, and buses in 2050. That is probably an underestimation because world vehicle population is growing faster than human population. As Figure 3 shows, on a global scale, the energy consumed by transportation is beginning to exceed the energy consumed by all other sectors of the global economy.
30 Figure 4 shows the projection of transportation energy use by region of the world and Figure 5 shows the projection of vehicles per 1,000 population for selected countries.
The six trends we have been discussing fall into two groups: those that are destructive to the environment and are taking us toward unsustainability and those that are in the direction of sustainability. SSBECs can be used to mitigate the negative trends and foster the positive trends, as shown earlier in Figure 1 . The trends that have to due with growth-population, urban population, vehicle population, and vmt with the resulting negative traffic congestion, energy, and environmental results-can be mitigated with SSBECs because relative to conventional vehicles they are more energy efficient, cleaner relative to emissions to the air, and fewer in numbers while still providing a highlevel of mobility. For the positive trends such as the move to more compact urban structure, to access to vehicles as opposed to owning, and to using electronic media and communications to substitute for some trips, SSBECs combined with more walking, mass transit, and virtual trips allow the reduction of conventional vehicles in far greater numbers than the SSBECs that replace them.
Any two of the six trends could well cause an evolution in the U.S. transportation system, but all six combined certainly will. Similar trends can be found in other developed countries. Developing countries face even more severe transportation problems due to lack of resources to solve the problems.
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Many have assessed these trends as resulting in a transportation system that continues to be unsustainable as it becomes more polluting and more congested. However, we have presented one portion of the solution to evolving our transportation system into a sustainable one-shared, small, battery-powered cars. There are many of us around the world leaning how to make car-sharing, station cars, and small battery-powered cars viable in our global transportation system. We find one interesting conclusion concerning developing countries. To a large extent, they have the same advantage in transportation as in communications of being able to move to wireless communications without having to install a physical infrastructure. They don't have to first have high per capita owned gasoline-fueled cars before they move SSBECs as we in the more developed world do. They can leapfrog to SSBECs.
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Taking this a step farther, developing countries can use car sharing and station cars to help maintain their mass transit systems, unlike owned cars which directly compete with it instead of complementing it. Thus these countries would be embracing the concept of access over ownership. 
